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O I The shear (rj) and bulk {() viscosities are calculated in a quasiparticle relaxation 

. time approximation for a hadron matter described within the relativistic mean-field 

D , based model with scaled hadron masses and couplings. Comparison with results of 
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other models is presented. We demonstrate that a small value of the shear viscosity 
to entropy density ratio required for explaining a large elliptic flow observed at RHIC 
may be reached in the hadron phase. Relatively large values of the bulk viscosity are 
noted in the case of a baryon enriched matter. 
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ON . I. INTRODUCTION 

S: ...... ,...,_..„..„,....„,..„..,._,.Baaa. 

^ ■ Recently, the interest in the transport coefficient issue has sharply been increased in heavy- 
ion collision physics, see reviev^^-article Values of the elliptic flow V2 observed at RHIC [61 
^ ' proved to be larger than at SPS. This finding is interpreted as that a quark-gluon plasma 

H : 

(QGP) created at RHIC behaves as a nearly perfect fiuid with a small value of the shear 
viscosity-to-entropy density ratio, ri/s. The latter statement was confirmed by non-ideal 

Q n n n 

hydrodynamic analysis of these data [7|. Thereby, it was claimed [8|, 19|, llOfl that a new 
state produced at high temperatures is most likely not a weakly interacting QGP, as it was 
originally assumed, but a strongly interacting QGP. The interest was also supported by a new 
theoretical perspective, namely, Af = 4 supersymmetric Yang-Mills gauge theory using the 
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Anti de-Sitter space/Conformal Field Theory (AdS/CFT) duality conjecture. Calculations 



in this strongly coupled theory demonstrate that there is minimum in the rj/s ratio 



rj/s ^ 1/(4:71). It was thereby conjectured that this relation is in fact a lower bound for the 
specific shear viscosity in all systems jsl and that the minimum is reached in the hadron- 
quark transition critical point (at T = Tc). 

In this paper, we continue investigation of the shear and bulk viscosities performed in 



Ref. [l^ within the quasiparticle model in the relaxation time approximation. We describe 
the hadron phase (T < Tc) in terms of the quasiparticle relativistic mean-field-based model 
with the scaling hadron masses and couplings fSHMC) been successfully applied to the 



description of heavy ion collision reactions 



14l |. see sect. 2. Then in sect. 3 we calculate 



the shear and bulk viscosities and compare our results with results of previous works. In 
sect. 4 we formulate our conclusions. 

II. DESCRIPTION OF HADRON MATTER IN THE SHMC MODEL 

A. Formulation of the model 

Within our relativistic mean- field SHMC model flQ we present the Lagrangian density 
of the hadronic matter as a sum of several terms: 

^ = ^har + -^^MF + -^^cx • (1) 

The Lagrangian density of the baryon component interacting via a, 00 mean fields is as 
follows: 

>Cbar = Yl l^^b (^A^ + ^ Xu ^m) 7^ - ml • (2) 

fiG{bar} 

The considered baryon set is {b} = N{938), A(1232), A(1116), S(1193), H(1318), S*(1385), 
S*(1530), and r](1672) including antiparticles. The used cr-field dependent effective masses 
of baryons are jl^, Q, 

ml/mt = ^b{Xa(r) = I - Qab Xu o/mb , 6 G {6} . (3) 

In Eqs. (I2I), ((3]) gab and g^jb are coupling constants and Xa^cr), Xa;(o") are coupling scaling 
functions. 
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The (T-, c<j-meson mean field contribution is given by 



UJ 
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(4) 



There exist only a and ujq mean field solutions of equations of motion. The mass terms of 
the mean fields are 



TTT'm/^m = \^m{Xa(^)\ , {m} = a,UJ. 



(5) 



The dimensionless scaling functions and $m, as well as the coupling scaling functions 
Xm, depend on the scalar field in combination X(t(o") o"- Following [l5|| we assume approximate 
validity of the Brown-Rho scaling ansatz in the simplest form 



$ = $^ = $^ = $^ = $^ = 1 - /. 



(6) 



The third term in the Lagrangian density ([I]) includes meson quasiparticle excitations: 
vr; K, K; r/(547); a', cu', p'; K*^'%892),ri'{95S), 
details of the SHMC model can be found in [13, 



020). The choice of parameters and other 



B. Thermodynamical quantities 

Within SHMC model we calculate different thermodynamical quantities in thermal 
equilibrium hadron matter at fixed temperature T and baryon chemical potential /ibar- In 
Fig. [T] (left panel) we show the square of the sound velocity cj. = dP/de {P is pressure, e is 
energy density), as function of temperature at zero baryon chemical potential, /ibar = 0, for 
the SHMC model (solid line) and compare this result with that for the ideal gas (IG) model 
with the same hadron set as in the SHMC model (long-dashed line), for the n + p mixture 
(dash-double dot) and for purely pion system (dash-dotted). As is seen from this figure, 
for the purely pion IG the monotonously increases with increase of the temperature 
approaching the ultrarelativistic limit = 1/3 at high temperatures. For the pion-rho 
meson mixture, the exhibits a shallow minimum at T ~ 170 MeV. The minimum (in 
the same temperature region) becomes more pronounced for multi-component systems (see 
dash curve). At T < 50 MeV the pion contribution is a dominant one, thereby all curves 
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coincide^. The curves for the SHMC model and the IG model calculated with the same 
hadron set coincide for T < 100 MeV. At T > 50 MeV heavier mesons start to contribute 
that slows down the growth of pressure and then results in significant decrease of c^, contrary 
to the case of the one-component pion gas. Within the SHMC model cj. gets pronounced 
minimum at T ^ 180 MeV caused by a sharp decrease of the in-medium hadron masses at 
these temperatures (see the right panel in Fig. [T], where effective masses of the nucleon, cu, p 
and a excitations are presented). The minimum of the sound velocity (at T = Tc — 180 MeV) 
can be associated with a kind of phase transition, e.g. with the hadron-QGP cross-over, as 

n 

it follows from the detailed analysis of the lattice data, see |16l |. 
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Phc. 1: Left panel: The sound velocity squared in hadron matter as function of the temperature at 
zero baryon chemical potential. Solid line - calculation within the SHMC model. Other notations 
are given in the legend. Right panel: The temperature dependence of effective masses of the nucleon, 
u) and p excitations (solid line) and of the cr-meson excitation (dashed line) calculated within the 
SHMC model for two values of the baryon density. 



Note that in the Hagedorn-gas model [l7| (for the Hagedorn mass m oo) one gets 
—> at T = Tc, whereas in the mass-truncated Hagedorn-gas model the behavior very 



close to that we have in case of the IG model is observed. 



^ Note that within the SHMC model pions are treated as an ideal gas of free particles 
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In Fig. [2] we present the lattice data for the reduced energy density and the pressure 
together with our SHMC model results. Following [l^ we use suppressed coupling constants 
gab (except for nucleons). This guarantees that even above Tc up to the temperature T ~ 
220 MeV the EoS computed in the SHMC model is in agreement with the lattice data for the 




T, MeV 



Phc. 2: The reduced triple pressure and the energy density at /ibar = 0. Points are QCD lattice 
result [l^. The hadronic SHMC results are plotted by solid and dash lines, respectively. 



pressure and energy density. At higher temperatures the SHMC model requires additional 
modifications, although in reality the quark-gluon degrees of freedom should be taken into 
account already for T > Tc ~ 180 MeV. 



III. SHEAR AND BULK VISCOSITIES OF THE SHMC MODEL 



A. CoUisional viscosity, derivation of equations 



Sasaki and Redlich [12|| derived expressions for the shear and bulk viscosities in the case 
when the quasiparticle spectrum is given hy E{p) = i/p ^ + m*'^{T, jj) . We perform a similar 
derivation, but in the presence of mean fields. In the latter case one should additionally take 
into account that quasiparticle distributions depend on the mean fields. 

In order to calculate viscosity coefficients one needs an expression for spatial components 
of the energy momentum tensor corresponding to the Lagrangian density ([I]): 

t'^ = t;i^+ E E ^bL, (7) 

feS{bar} bosg{cx} 
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where i,j = 1, 2, 3 and the mean-field contribution is as follows 



with m* and m* given by Eq. ([5]). 

The quasiparticle (fermion and boson excitation) contribution is given by 



(8) 



rpl] 



dr 



Fa , a E (bos., bar), Ea = a/p ^ + m*^ , T 



'"(27r)3 



(9) 



where Ua is the degeneracy factor. 



The quasiparticle distribution function Ff, for baryon components in the presence of mean 



fields fulfills the Boltzmann kinetic equation [l^, 



d 



d 



Fh — StFh. 



dpl ^ ^ dpi 

with Fb{pb,Xb) = S{pI - ml'^)Fb{pb,Xb). 

The local equilibrium boson or baryon distribution is given as follows: 



(10) 



i^r"''-(Pa,a;.) 



^{Ea-paU-l,a+tr''X°)/T _^ 



9uja Xlo "-^0; 



(11) 



where we suppressed u"^ terms for |n| ^ 1. Here the upper sign (+) is for fermions and (— ) 
is for bosons, and the vector particle charge is t™'^ = ±1 or 0; g^ja 7^ only for a G bar in our 
model. Considering only slightly inhomogeneous solutions and using \u\ <^ 1 we may drop 
the terms oc and oc uVloq in the kinetic equation ( ITOl ). Then kinetic equations for boson 
and baryon components acquire ordinary quasiparticle form 



dt dp a dfr, dfn Ova. Ea <9x^ 



dpa dVa dfa dpa Ea dx^ 

where p'^ = {Ea{pa,f^a,cr,uj),Pa). We used that dEa/dpa = Pa/ Ea. Since calculating 
the viscosity, we need only terms with velocity gradients, we further put dEa/dfa = 

{dEa/dfIa)Vafia + {dEa/dT)VaT = 0. 

In the relaxation time approximation 



StFa = -6Fa/Ta, 6Fa = Fa - F^-''''-. 



(13) 



Here denotes the relaxation time of the given species. Generally, it depends on the 
quasiparticle momentum and the quasiparticle energy Ea{pa)- 
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The averaged partial relaxation time is related to the cross section as 

f-\T, /i) = 5^ n^, (T, /i) {v,,, [v,, ) > , (14) 

a 

where n^' is the density of a'-species, crS = / dcos6 da{aa aa')/dcos6 (1 — cos6') is the 
transport cross section, in general, accounting for in-medium effects and v^^' is the relative 
velocity of two colliding particles a and a in case of binary collisions. Angular brackets 
denote a quantum mechanical statistical average over an equilibrated system. In reality, the 
cross sections entering the collision integral and the corresponding relaxation time Ta in ffT3l) 
may essentially depend on the particle momentum. Thus, averaged values given by Eq. 
f fT4ll yield only a rough estimate for the values which we actually need for calculation of 
viscosity coefficients, see below Eqs. ( 12T1 ) and ( l22l) . 

In the relaxation time approximation from Eqs. (fT2l ). ( fT3l) we obtain 



Qploc.eq. 



and then the variation of the energy-momentum tensor (JT]) becomes: 

Considering small deviations from the local equilibrium, we may keep in ( |T6l ) only first-order 
derivative quasiparticle terms oc di, thus neglecting mean-field contributions oc dia d^a and 
oc diUjQ d^LjQ. 

The shear and bulk viscosities are as follows expressed through the variation of the 
energy-momentum tensor: 

2 

STij = -C SijV ■u-r]Wij, Wki = dkUi + diUk - -5ki d,u' . (17) 



To find the shear viscosity, we put i j in (ITTI) and use that in this case the variation 
of the second and third terms in (flGll yields zero after integration over angles. To find the 
bulk viscosity, we substitute i = j in (fTT]) and use that T^* = 3Peq- We put n = in final 
expressions but retain gradients of the velocity. 

Taking derivatives dF}^^-'^"'- / dx'^ in Eq. ( JTSi ) we find the variation of the total energy- 
momentum tensor as the function of derivatives of the velocity 

= 5^ 1 rfr (1 T qa{p: T, /ibar, /istr) (18) 
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with 



9a(P;7',/ibar,/istr) = dkUi 6kl Qa - ^kh 



(19) 



o =-l^ 



dP 

3Ea ' V 



d{Ea+XO) ,bar 



+ 



9Ms 



Finally, we obtain expressions for the shear viscosity 



and for the bulk viscosity 



At vanishing mean fields our results are reduced to those derived in Ref. 



12| 



(20) 



(21) 



(22) 



B. CoUisional viscosity in baryon-less matter 

In the relaxation time approximation both shear and bulk viscosities for a component "a" 
depend on its relaxation (collisional) time which should be parameterized or calculated 
independently. Therefore to diminish this uncertainty it is legitimate at first to find the 
reduced kinetic coefficients (per unit relaxation time, assuming r = const, i.e. r = f). 

In Fig. [3] we demonstrate results of various calculations for the reduced shear (left 
panel) and bulk (right panel) viscosities scaled by the 1/T^ factor at /ibar = 0. As we see 
from the figure, the reduced shear viscosity of the massive pion gas (dashed line) becomes 
approximately proportional to T'^ for T > 100 MeV. Naturally, this result is close to that 
obtained in the Gavin approximation {l^ (dashed-double-dotted line in Fig. [3l). The 
scaling is violated for the vr — p gas in the temperature interval under consideration because 
the p mass is not negligible even at T ~ 200 MeV. For C, the approximate 1/T^ scaling 
property holds for the massive pion-rho gas at T > 150 MeV. Note that C =0 for the gas 
of free massless pions since = 1/3 in this case. For the massive pion gas C/T^ decreases 
already for T > 60 MeV reaching zero at large T similar to the massless gas. The reduced 
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T, MeV T, MeV 

Phc. 3: The reduced (per unit relaxation time) scaled shear (left panel) and bulk (right panel) 
viscosities as function of the temperature calculated within the SHMC model (solid lines) for the 
baryon-less matter, /Xbar =0. Results are compared with those for the massive pion gas (dashed 
lines), TT — p mixture (short dashed lines) and with those for the massless pion gas (the Gavin 
approximation jl^, dot-dashed line), as well as for the IG model (open dots) with the same set of 
species as in the SHMC model. 

shear and bulk viscosities of a multicomponent system calculated in our SHMC model (solid 
lines) and in the IG model with the same hadron set (open dots) do not fulfill the scaling 
law. These models include large set of hadrons, due to that with the temperature increase 
the reduced shear and bulk viscosities become significantly higher than those for the pion 
gas and the pion-rho gas models. An additional increase of the reduced viscosity within 
SHMC model originates from significant mass decrease at temperatures near the critical 
temperature. The bulk viscosity of a single-component pion system drops to zero both at 
low and high temperatures and in the whole temperature interval ( « r], that is frequently 
used as an argument for neglecting the bulk viscosity effects. However, the statement does 
not hold anymore for mixture of many species. For example, at T ~150 MeV the ri/( ratio 
is only about 3 in case of the IG and SHMC models. Thus the bulk viscosity effects can 
play a role in the description of the hadronic stage at high collision energies, like at RHIC. 
Moreover, the bulk viscosity can be responsible for such important effect as fiow anisotropy. 
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C. Collisional viscosity in baryon enriched matter 




100 150 
T, MeV 




100 150 
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Phc. 4: The SHMC model predictions of the scaled temperature dependence of the reduced 
shear (left panel) and bulk (right panel) viscosities calculated for hadron mixture at ribar = no and 
4no (solid lines). Calculations performed in the IG based model with the same hadron set as in the 
SHMC model are demonstrated by dashed lines. 



For the case of the multi-component hadron mixture within IG and SHMC models the 
temperature dependence of the reduced T^-scaled shear and bulk viscosities are shown at 
baryon densities nbar = ''^^o and iriQ {uq is the nuclear saturation density) in the left and 
right panels of Fig. [H respectively. The reduced shear viscosity calculated in the SHMC 
model (solid lines) is close to that in the IG model with the same hadron set (dashed 
lines). Differences in the rj/^rT'^) ratio for the IG and SHMC models appear only at high 
temperatures T > 150 MeV. At T < 100 MeV the reduced T^-scaled bulk viscosity (right 
panel) in the IG based model proved to be larger than that in the SHMC model. Contrary, 
for larger T the reduced bulk viscosity in the IG model becomes smaller than that in the 
SHMC model. Differences come from the strong dependence of the bulk viscosity C on the 
values of thermodynamical quantities (see Eqs. (l20l) . (l22l) ). Note that at T >100 MeV and 
'^bar ~ '^o the shear and bulk viscosities are getting comparable in magnitude. Growth of 
the relative importance of C with increase of temperature seems to be quite natural because 
the bulk viscosity takes into account momentum dissipation due to inelastic channels which 
number increases with the temperature increase. 
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D. Estimation of the relaxation time 

The relaxation time is defined by Eq. ffT4l) . We implement free cross sections in case of the 
IG based model, similar to procedure performed in Ref. {2^. In case of the SHMC model, the 
in-medium modification of cross sections is incorporated by a shift of a "pole" of the collision 
energy by the mass difference — m* according to prescription of Ref. [21|. Due to a lack of 
microscopic calculations this is the only modification which we do here. Important peculiarity 
of the nucleon contribution to the relaxation time at low temperature is associated with the 
particular role played by the Pauli blocking. It means that appropriate multi-dimensional 
integration should be carried out quite accurately with using quantum statistical distribution 
functions. Calculations using the kinetic Uehling-Uhlenbeck equations for the purely nucleon 
system in the non-relativistic approximation were performed in j^. For T < 100 MeV an 
extrapolation expression has been obtained: 

1/3 r 



850 /nba 



1 + o.04T^ 



2' "° (23) 



TV2(i + i60/T2)nb3 



no 

Thus the relaxation time demonstrates well known behavior T^^, for T ^ 0. 

To simplify calculations we use Eq. fl23l) for the partial nucleon relaxation time tnn-, to be 
valid at low temperatures, smoothly matching it (at T ~ 100 MeV) with the partial nucleon 
contribution calculated following Eq. (fT4l) for higher temperatures. We take into account the 
whole hadron set involved into the SHMC model. The relaxation time for every component 
is evaluated according to Eq. ( fT4ll . 



E. Collisional viscosity in heavy ion collisions 

Above we have studied reduced viscosities of the hadron matter at different temperatures 
and baryon densities. In reality a hot and dense system being formed in a heavy-ion collision 
then expands towards freeze-out state, at which the components stop to interact with each 

other. Here we use the freeze-out curve T^■c{^^^haI) extracted from analysis of experimental 

1/2 

particle ratios in statistical model for many species at the given collision energy treating 
the freeze-out temperature Tfr and chemical potential /i^aj, as free parameters 

In Fig. El viscosity coefficients per entropy density s are shown versus the freeze-out 
temperature for Au + Au collisions (which is unambiguously related to the freeze-out 



22 



2J. 
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chemical potential fi^^^^ 22|| needed to calculate thermodynamical quantities at the freeze- 
out). Dimensionless ratios of the viscosity to the entropy density r]/s and (/s characterize 
the energy dissipation in the medium. As we see, the r]/s ratio decreases monotonously with 
increase of the temperature, being higher than the lower bound l/Air but tending to it with 
further increase of T^. The value (/s exhibits a maximum at Tfr ~ 85 MeV and then tends to 
zero with subsequent increase of Tfr. As has been emphasized above, at T >100 MeV values 
of the shear and bulk viscosities become quite comparable, {r]/s)fi- ~ 2(C/s)fr. 

0,5 



lo- 
co 




120 140 160 180 



T,, MeV 

fr' 



Phc. 5: Shear and bulk viscosities per entropy density ca^ 
Au+Au collisions along the freeze-out curve (at T = 



dotted line is the lower AdS/CFT bound rj/s = 1/Att 



culated in the SHMC model for central 



22] for the baryon enriched system. The 



In Fig.[6l the rj/ s ratio calculated in our SHMC model (solid line) is plotted as a function 
of the collision energy ^/snn of two Au+Au nuclei. The result for the IG model with the same 
hadron set as in SHMC model is plotted by the dash-dotted line. We note that for ^^snn ~ 3 
the SHMC results prove to be very close to the IG based model ones (with the same hadron 
set as in SHMC model), since the freeze-out density is rather small and the decrease of the 
hadron masses occurring in the SHMC model is not important. The results for the hadron 

n 

hard core gas model (the van der Waals excluded volume model) [2j| at two values of the 
particle hard core radius r are shown by dashed and short-dashed lines. In all cases for 
y^sjvTV ~ 2 GeV the ratio rj/s decreases along the chemical freeze-out line with increasing the 
collision energy and then flattens at ^/snn -10 GeV, since freeze-out at such high collision 
energies already occurs at almost constant value of Tfj. ^ 165 MeV. The shear viscosity of 
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Phc. 6: The ratio of the shear viscosity to the entropy density calculated for central Au+Au collisions 



22| within the SHMC model as a function of the collision energy 



along the chemical freeze-out curve 

1/2 

Sj^jyf (solid line). Dashed and short-dashed curves are the results of the excluded volume hadron gas 
model with hard-core radii r =0.3 and r =0.5 fm, respectively. The dot-dashed line corresponds 
to the IG model with the same set of hadrons as for the SHMC model. 



the non-relativistic Boltzmann gas of hard-core particles [2j| is oc \JmT jr^ . Since Fermi 
statistical effects are not included within this model, the shear viscosity, 77, decreases with 
decrease of T. Nevertheless the ?7/s ratio increases and diverges at low energy/temperature, 
as the consequence of a more sharp decrease of the entropy density compared to 77, see Fig.[6l 
As follows from the figure, the smaller r is, the higher "qjs is in the given excluded volume 
model. For y/s^N > 4 and r ^ 0.7 fm the ri/s ratio is expected to be close to the values 
computed in the IG and SHMC models. 



Recently an interesting attempt has been undertaken in [25|| to extract the shear viscosity 
from the 3-fluid hydrodynamical analysis of the elliptic flow in the AGS-SPS energy range. 
An overestimation of experimental V2 values in this model was associated with dissipative 
effects occurring during the expansion and freeze-out stages of participant matter evolution. 
The resulting values of 77/5 vary in interval rj/s ~ 1 — 2 in the considered domain of 



^/sNN ~ 4 — 17 GeV (corresponding to temperatures T ^ 100 — 115 MeV) [25||. Authors 



consider their result as an upper bound on the ri/s ratio in the given energy range. Note 
that mentioned values are much higher than those which follow from our estimations given 
above and presented in Figs. [5] and [6l 
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Other microscopic estimate of the share viscosity to the entropy density ratio for the 



relativistic hadron gas based on the UrQMD code was performed in Ref. [26| where 55 
baryon species and their antiparticles and 32 meson species were included. The full kinetic 
and chemical equilibrium is achieved at T =130 and 160 MeV, respectively. The extracted 
ratio Tj/ s >1 exceeds the SHMC result by a factor of 5. Introducing a non-unit fugacity or 
a finite baryon density allows one to decrease the ratio twice but nevertheless it is still too 
high as compared to both the SHMC result and the lower bound rj/s = l/in. Analyzing 



their result authors 



26| conclude that the dynamics of the evolution of a collision at RHIC 



is dominated by the deconfined phase (exhibiting very low values of ri/s) rather than by the 
hadron phase. Note however that in-medium effects in the hadron phase are not included 
into consideration in the UrQMD model though, namely, these effects result in the required 
decrease of the rj/s ratio in our SHMC model. 



IV. CONCLUSIONS 



In this paper, we derived expressions for the shear and bulk viscosities in the relaxation- 
time approximation for a hadron system described by the quasiparticle relativistic mean- 
field theory with scaling of hadron masses and couplings (SHMC). The EoS of the SHMC 
model fairly well reproduces global properties of hot and dense hadron matter including 
the temperature region near Tc provided all coupling constants gab are strongly suppressed 
except for nucleons. Thus obtained kinetic coefficients are compared with those calculated 
in other models of the hadron matter. 

With increasing freeze-out temperature Tfr (for central Au+Au collisions), the rj/s ratio 
undergoes a monotonous decrease approaching values close to the AdS / CFT bound at T ~ Tc 
MeV, while the (/s ratio exhibits a maximum at ~85 MeV. In a broad temperature 
interval the ri/s and (/s ratios are not small and viscous effects can be noticeable. The 
viscosity values at the freeze-out can be transformed into dependence on the colliding energy 
^/SNN (for central Au+Au collisions). When the collision energy decreases, the ri/s goes up. 
The high-energy flattening of the ^/sNlv dependence occurs at quite low rj/s < 0.2. It implies 
that a small value oi r]/s required for explaining a large elliptic flow observed at RHIC could 
be reached in the hadronic phase. This might be an important observation which we have 
demonstrated within the SHMC model. 
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The V2 analysis indicates to different values of ?7/s for peripheral and central collisions. 
Therefore, it would be interesting to perform hydrodynamic calculations using the T — /ibar 
dependent transport coefficients rather than constant ones. The need of such an approach 
was recently emphasized in |27l]. Further we will use the SHMC model EoS with the derived 
transport coefficients for this purpose. 
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AHH0Taii;H51 

BasKOCTb a^poHHoii MaxepHH b pejiaTHBHCxcKOH mo^gjih 
cpe;],Hero nojia co CKeiijiHHroM a;],poHHbix Mace h 

KOHCXaHT CBa3H 

A.C. XBopocTyxHH, B.J\. ToneeB h J^.H. BocKpecencKHH 

CflBHrOBa5I (77) H 06teMHa5l(C) B5I3K0CTH BbIHHCJI5IK)TC5I B KBaSHHaCTHMHOM npH- 

6jTH>KeHHH BpeMeHH pejiaKcaLi,HH fljiH aflpoHHOH MaTepHH, onHCbiBaeMoii b paM- 
Kax pejiHTHBHCTCKOH cpeflHenojieBOH MOflejiH co CKeftjiHHroM aflpoHHbix Mace h 
KOHCTaHT CB5I3H. HpeflCTaBjieHO cpaBHCHHe c pesyjiBTaTaMH flpyrHx MOflCJieft. 
rioKaaaHO, hto Majioe snaMeHHe OTHomenHH cflBHroBoft bhskocth k njiOTHOCTH 
3HTponHH, TpeGycMoe fljia oG^hsicnemi^i 6ojTt>moro sjijiHnTHMecKoro noTOKa, na- 
6jiiOflaeMoro b SKcnepHMCHTax na RHIC, mo^kct Gbitb flocTHrnyTO b aflpoHHoft 
(|)a3e. OTMCMaiOTCfl cpaBHHTejibHO Gojibinne SHaMeHHfl oGijeMHOH b5I3kocth b 
cjiy^ae 6apHOHO-o6oraiii,eHHOH MaTepHH. 



